This paper examines the interactions and feedbacks between environmental and human variables within the Owo River catchment by analyzing land use change, morphometric dynamics, rainfall stationarity and water quality using 
Introduction
Sustainable economic development and growth in the water sector of developing countries are threatened by environmental challenges such as flood events, water scarcity and urbanization. The lack of appropriate reform policies has posed greater stress on water resources management [1] . These challenges are directional trajectory of processes and activities that causes stress. It is driven by the relationship and interactions between human and natural processes [2] of watersheds. The response strains and feedbacks are the various challenges militating against sustainable development of affected watershed.
Putting even greater stress on water resources scarcity is the uncertainty associated with the supply sources (surface and ground water), especially in catch-Journal of Environmental Protection ments where water abstraction/intake is needed in large quantities for multi-purpose uses, including municipal water supply to large cities. More worrisome is that this uncertainty in water supply is brought about by both natural and anthropogenic activities, and at the center are the issues of climate and land use changes that have significantly impacted on the hydrology of catchments whose functionality is to supply water to urban environments. While the impacts of climate change on water resources including water supply have been well documented in the literature [3] [4] [5] , the impacts and feedbacks of urban growth and conversion of the sub-urban catchments into built-up with great consequences for urban water supply have not been properly researched and documented.
Additionally, the development of sub-urban catchment that produces water supply to major settlements from its natural/semi-natural system has implications for runoff characteristics and water quality. Thus, continuous understanding of the hydrology, including water quality, morphometry and morphology of such sub-urban catchment, is critical to sustainable urban water supply [6] [7] .
In the Lagos Megacity for instance, most of the sub-urban watersheds where water is extracted for municipal supply to the city such as Adiyan, Owo and Lower Ogun are currently undergoing changes in land use/land cover, hydrology, morphometry, and morphology as well as water quality changes. These observed changes can be attributed to both natural and anthropogenic factors. The core anthropogenic factor bringing changes into these sub-urban catchments is urbanization [8] [9] [10] .
The changes due to both natural and anthropogenic factors have been observed to have impacts on basin morphometry with great consequences for water resources availability and water quality. Basin physical properties have direct relationships with water resources availability, and consequently, any change in stream properties can translate to reduction or increase in water yield and availability [11] [10] . Also, a high variability of rainfall characteristics (intensity, duration and frequency) is becoming more pronounced within the study area; a condition that is impacting seriously on raw water abstraction at Ishashi Intake [10] from the urban sub-catchments in Lagos. In addition to impacting on water availability, urbanization is also impacting on other hydrological responses of the catchments including runoff, peak flow and water quality, thereby, contributing to the non-stationarity or otherwise of the catchment [10] . However, a number of methods have been employed in studying human-environment interactions. This include the statistical methods [12] [13] , and combined Geographic Information Systems and Remote Sensing methods [14] [15] [16] .
Going by the observable changes taking place in the Owo River catchment, this paper therefore examines the complex interactions and feedbacks leading to changes in the hydrological and morphological characteristics of the Owo River system [10] . The paper analyses the future ability of this semi-urban watershed to sustain water supply in both qualitative and quantitative terms in the face of cumulative environmental change [10] . Specifically, the paper examines the land use land cover and Morpho-dynamic changes of the Owo River catchment to identify the impacts of urbanization (anthropogenic activities) on the catchment. It uses a time series of rainfall over the catchment to analyze rainfall non-stationarity (natural process) to explain the sustainability of water supply in the face of climate change. The study also carries out water quality test of the raw water of the River and compares this with local and international standards to identify the level of purification needed for portable water supply. Finally, it analyses the temporal dimension of water abstraction and supply from the Isashi water intake and synthesizes the findings for planning and developmental purposes of the catchment.
Materials and Methods

Study Area
The Owo River Catchment is located in the Ogun River Basin in South Western 
Land Use Land Cover and Morpho-Dynamic Changes
The topographicsheets (1964 and 1984) 
Rainfall Modelling and Forecasting
The modelling and forecasting of the time series of rainfall of the catchment was carried out using the Autoregressive Integrated Moving Average (ARIMA) model. The ARIMA modelling was carried out in XLSTAT based on the Box-Jenkins approach. The ARIMA model is generally expressed as:
where, Ø p is the autoregressive parameter, ε t is the residual, θ q is the moving average parameter, and X is the dependent variable.
The rainfall modelling was achieved based on the following steps: 1) Confirmation of Non-Stationary; 2) Plotting of the Autocorrelation Function (PACF) and Partial Autocorrelation Function (PACF) of the Annual Rainfall Series: In the computation of the autocovariance function [ck] (Equation (3)), the autocorrelation coefficient [rk] (Equation (4)), the partial correlation function ( (5)) and the plots of the ACF and PACF were used to determine the general characteristics, and the stationarity or non-stationarity of the time series.
where, Ø p is the autoregressive parameter, ε t is the residual, θ q is the moving average parameter, X is the dependent variable, and U is the dth difference of the dependent variable. Trend and Stationarity Tests: A number of tests were deployed to determine the presence or absence of trend, and the presence or absence of stationarity. The Mann-Kendall trend test (Equations (6) and (7)) was used to test for trend. The Stationarity of the rainfall time series was determined using the Augmented Dickey-Fuller [ADF] test (Equation (8)), a unit root approach commonly used to determine the stationarity or non-stationarity of a time series [18] where x k and x j are the sequential data values, n is the length data set, and sgn (θ) is equal to 1, 0, −1 if θ is greater than, equal to, or less than zero, respectively.
Augmented Dickey-Fuller [ADF] test
where, ∇x t is the first differenced value (x t ), w t is the error term, X t−1 is the first lagged value of the series ( (Equation (9)) was used to estimate the extent of difference between the forecasted and the observed annual rainfall as follows:
where, X for = forecasted annual rainfall; X obs = observed annual rainfall. ). Also, the nutrient and metal analyses followed the methodology described in [23] . The nutrients including, phosphate, nitrate and sulphate were spectrophotometrically determined from digest samples while the metals were determined by aspira- used for the study is as presented in Table 1 .
The results of land use and morpho-dynamics, rainfall stationarity, water quality and water abstraction were synthesized to explain the current trend in human and natural processes that are shaping the human environment nexus in the Owo catchment, particularly as it affects the sustainable urban water supply, sustained urban growth and climate change related issues. [10] .
Results and Discussion
Landuse Change Analysis
The pattern of changes is shown in Figure 2 and pollutant load of surface water within their watershed. This is achieved by some special plants that have the ability to digest pollutants or trap pollutants by their fibers from flowing water. Plants also stabilize soil to reduce the rate of sediment runoff, as well as reduce the anthropogenic activities in the watershed [26] .
Consequently, the continuous increase in the built-up area poses a big challenge not only to the water supply chain through Ishasi water intake but also to other ecosystem services of the Owo River catchment. 
Morphometry Dynamics
Owo River catchment morphodynamics between 1964 and 2010 are shown in Table 5 and Table 6 . The catchment is a 4 th -order river catchment and has a considerable kinetic energy to erode, transport and deposit sediments [10] . [10] . Many of the first-order stream channels are no longer in existence owing to anthropogenic activities that have buit-up these sub-catchments and rendered there channels to mear street drainage. This situation has serious implications on the water yield both in terms of quantity and quality within the catchment. Table 6 and Figure 4 show the changes in the morphometric indices and morpho-dynamics of the Owo River Basin drainage network between 1964 and 2010.
Rainfall Modelling and Forecasting
1) Rainfall Non-Stationarity: The summary of the results of the trend and stationarity tests are represented in Table 7 . The result of the Mann-Kendall trend test showed that the computed p-value is lower than the significance level (α = 0.05), so the null hypothesis of no trend was rejected, while the alternative hypothesis of the presence of trend was accepted. The existence of trend in the rainfall time series is an indication of non-stationarity in the hydro-climatic time series of the catchment.
For the ADF test the null hypothesis of the existence of unit root was accepted as the computed p-value was greater than the significance level (α = 0.05). A non-stationary time series is one that exhibits either a trend or unit root, and therefore requires differencing to transform it into a stationary time series [21] . The ACF and PACF plots ( Figures 5-8 ) for the rainfall series showed a slow decay suggesting that the rainfall time series may be non-stationary.
3) ARIMA Modelling and Diagnostic Testing: Among the various models tested, ARIMA model 110 (Table 8) (Table 9) showed that the residuals were homoscedastic. Homoscedasticity of residuals' is an indication of a model's consistency and ability to predict variable values (Huang et al., 2016). The null hypothesis for all the tests of normality (Table 10 ) was accepted, indicating that the model's residuals were normally distributed. Figure 9 is a comparison of the observed and synthetic rainfall series of ARIMA model (110). As is evident from the figure, the synthetic rainfall series exhibited a pattern similar to the pattern of the observed rainfall series. The observed and forecasted annual rainfall for years 2012 to 2015 are presented in Table 10 .
4) Series Comparison and Forecasting:
The estimated relative error between the forecasted and the observed annual rainfall for the time period was 4 percent, indicating a relatively small difference between forecasted and the observed. 
Water Quality
There are no stipulated standards for hardness, acidity, alkalinity, Total Suspended Solids, Total Solids, Dissolved Oxygen, Biochemical Oxygen Demand, Chemical Oxygen Demand, and Phosphate (Table 11 ). Conductivity and hardness, however, have national stipulated standards of 1000 µS/cm and 150 mg/L.
Thus, the sampled water from the three locations had values below these standards. PH, Chloride, Total Dissolved Solids (TDS) and Nitrate which have stipulated standards, all had concentrations within and below these standards.
As revealed by the results of the laboratory analysis, the level of electrical conductivity of the river is generally low, and this is also reflected in the low concentration of the TDS in the water. As explained by [27] , electrical conductivity is a good indicator of TDS concentration in water. With regards to taste and palatability of water, the raw water of the river falls within the fair taste category. According to [28] water with TDS concentration in the range of 300 -600 mg/L falls within the fairly palatable taste category. The level of hardness of the water is below the national standard of 150 mg/L. In the upper reaches of the river, the water can be classified as soft water. Water with a hardness concentration of less than 60 mg/L are generally categorized as soft and have a greater potential for corroding Copper and Lead pipes in a water distribution system than hard water [29] .
With regards to the clarity or turbidity of the water, the concentration of Total Suspended Solids in the middle section of the river was higher than the concentrations at the upper and low reaches, indicating a greater turbidity level. The higher the concentration of suspended solids in a water body, the more turbid it is [30] .
Other chemical analyses show that the Owo River has a significant level of pollutant loading as indicated by the concentrations of Chloride, Chemical
Oxygen Demand (COD) and Biological Oxygen Demand (BOD). Likely anthropogenic sources of these pollutants identified within the catchment include urination and defecation in the waters, discharge of sewage, and oil and grease spillage from ferries that ply the river as well as those from the mechanic workshops along the river bank flood. As shown in Table 11 , the COD and BOD levels of the water are significantly higher than those normally encountered in unpolluted waters. As observed by [31] , concentrations of COD and BOD in unpolluted waters is normally around 20 mg/L and 2 mg/L respectively. With a sustained increase in the anthropogenic activities and built environment within the watershed, the likelihood of an increase in the pollutants is high. This become even more worrisome when considered in the direction of change that is being experienced within the catchment, which is noted in the continuous loss in vegetation cover that naturally the provide ecosystem service of water purification.
For the raw water to meet an acceptable standard for drinking water, the abstracted water is subjected to five treatment processes before being stored or discharged into the distribution network. These processes are coagulation and flocculation, sedimentation, filtration (sand and carbon), disinfection and pH correction [30] . With regards to the cost of raw water treatment, three factors are largely responsible. First is the quality or the degree of deterioration of the water, second is, the level of treatment required and the degree of purity desired. The third factor is the volume of water required, with the cost of water per volume decreasing as the capacity of the water treatment plant increases [29] . However, a continuous decline in the area of forested land cover within the Owo River catchment will inadvertently contribute to the cost of raw water treatment for municipal water supply, as natural purification by plants will reduce while the level of pollutant will increase [32] have established a direct relationship between the ratio of forest cover in a watershed and the cost of water treatment, with the approximately 50 percent of the variability of water treatment cost determined by the extent forest area in the watershed.
Water Abstraction and Supply
The puted is less than its critical value; hence, the null hypothesis is accepted. It is however, concluded that no significant difference exists in the annual water abstraction as well as water supply at 5% level of significance [10] .
Synthesis of the Findings
The land use and morphometric show a reduction in the morphometric indices brought about by a trajectory of land use that is incremental towards the built-up area while the observed non-stationarity in the annual rainfall of the watershed significantly contributed to the observed water availability in quantitative terms, thus, the sustained water abstraction for municipal purposes. Although the increase in the anthropogenic activities and natural rainfall processes have not had a significant impact on water availability (quantity and quality), the 
Conclusion
This study shows that the Owo River catchment is a highly dynamic catchment; the land use trajectory reveals an urbanization scenario; morphometric changes show reduction in stream network especially the 1st order streams while rainfall trend shows a non-stationarity in the last four decades. These observed changes, therefore, call for urgent action on sustainable catchment management practices if the catchment is to perform its ecosystem functionality role as water supply source to the teeming population of Ishasi and Festac and their immediate environment. It is recommended that eco-friendly development activities that do not compromise the environmental integrity and sustainable urban water supply [15] be put in place to safe Owo River catchment hydro-morphological processes and pollution integrity.
